We parametrically estimate total-factor energy efficiency (TFEE) scores for 10 industries in 14 developed countries for the period 1995-2005 using stochastic frontier analysis (SFA) technique. The model includes four inputs (labor, capital stock, energy, and non-energy intermediate inputs) and one output (value added). Unlike previous studies that use data envelopment analysis (DEA), our method can take into account statistical noises. The results show that More than half of the industries have insignificant changes in the inefficiency trend. However, construction, paper, and textile industries have significantly increasing inefficiency (decreasing efficiency). The metal industry is the only industry which has decreasing inefficiency (increasing efficiency). As a result, most of the OECD industries have much room in improving their total-factor energy efficiency. M oreover, more than half of the industries have insignificant changes in the inefficiency trend. However, construction, paper, and textile industries have significantly increasing inefficiency. The metal industry is the only industry which has decreasing inefficiency. As a result, most of the OECD industries have much room in improving their total-factor energy efficiency.
Introduction
Since Hu and Wang [1] and Hu and Kao [2] construct the total-factor energy efficiency (TFEE) index, it has been widely applied and improved by the following literature [3] . However, most of the existing literature applies the TFEE index to analyze regional or economy -wide energy efficiency. The applicat ion of TFEE to industry-wide energy efficiency still remains to apply and promote. Moreover, most of the existing papers applying TFEE use only the traditional CCR [4] and BCC [5] models. More advanced DEA approaches or the use of stochastic frontier to co mpute or estimate TFEE can still be further tried, as this two-year pro ject will do. We apply and extend the SFA model proposed by Zhou, Ang and Zhou [6] to estimate the industry energy efficiency across countries in different years. This paper is a co mpanion paper of our previous work, Honma and Hu [ 7] in wh ich we resorted to the DEA technique measure the industry-level TFEE. 
Nomenclature
Because the distance function is homogeneous to degree one in the energy input, the above equation can be rearranged as:
which can be also be arranged as
That is,
The TFEE of region i at time t is then
The above model can be estimated by using the panel data SFA model proposed by Basttese and Coelli [8] . This model includes four inputs (labor, capital stock, energy, and non-energy intermed iate inputs) and one output (value added). The economic data are taken fro m EU-KLEM S 2008, while data on purchasing power parity (PPP) are also fro m EU-KLEM S. The values for the variables are in Eu ros with 1997 as the base year. The energy and economic dataset contains 10 industries in 14 developed countries for the period 1995-2005. The countries include Australia, Austria, the Czech Republic, Den mark, Fin land, Germany, Italy, Japan, South Korea, the Netherland s, Portugal, Sweden, the United Kingdom, and the United States. The industries include the construction industry; the chemical and petrochemical industry; the food and tobacco industry; the iron, steel, and non -ferrous metals industries; the machinery industry; the non-metallic minerals industry; the paper, pulp and printing industry; the textile and leather industry; the transport equipment industry; and the wood and wood products industry. 
Results

total-factor energy efficiency
More than half of the industries have insignificant changes in the inefficiency trend. However, construction, paper, and textile industries have significantly increasing inefficiency (decreasing efficiency). The metal industry is the only industry which has decreasing inefficiency (increasing efficiency). As a result, most of the OECD industries have much room in improving their total-factor energy efficiency.
Countries perform quite d ifferently in d ifferent industries. The best performers in d ifferent industries are: chemical (Den mark), construction (United Kingdom), food (Portugal), machinery (Po rtugal), metal (South Korea), non-metallic (Czech Republic), paper (Den mark), text ile (Portugal), transport (Italy), and wood (United Kingdom). Table 1 
Comparison of DEA and SFA TFEE
We compare the SFA TFEEs obtained in this study with the DEA TFEEs in our earlier work [ 7] for each industry. Due to the space limitation, figures for the comparison are omitted in this proceedings paper. We can observe that, if the number of DM Us is s mall like this study, the SFA TFEE approach has a higher discriminating power than DEA.
Concluding Remarks
In this paper, we parametrically measure industry-level TFEEs of 10 industries of 14 developed countries using the SFA technique with consideration for statistical noises. Using a panel data set, even when the total number of DM Us are small like this study, one can measure the total-factor energy efficiency by SFA. We believe that this SFA approach provides an alternative measure of the total-factor energy efficiency.
